IN the course of routine reporting on electrocardiograms recorded in a hospital group increasing apprehension was felt about the high incidence of tracings suggesting digitalis intoxication. Two thousand consecutive ECGs, recorded within about six months in 1962 and sent for reporting, were therefore analysed and, as briefly mentioned (Schott, 1964) , 597 tracings referred to 348 patients who had digitalis within the fortnight preceding at least one ECG. On a preliminary study, ECGs with arrhythmias highly suggestive of overdigitalization were found in at least 10% of the 348 patients. The present paper reports the more detailed analysis of these records.
The fact that this study was made in a Group electrocardiographic department had the advantage that the recording, carried out by trained technicians, and the reporting, done by one observer. were uniform. Furthermore, the patients whose ECGs were sent represented an unselected cross-section of in-and outpatients, mostly medical, but also including surgical and obstetric cases. They were under the care of different consultants and looked after by various registrars and house physicians, and outside by different general practitioners, with considerable variations in experience in digitalis dosage. The present observations may therefore well be acceptable as an example of conditions prevailing in certain non-teaching hospitals and general practices. This set-up had the disadvantage that only a small minority of the patients was under the care of the reporting physician, who was given the essential clinical data on tihe request form (reproduced in Schott and SWI1, 1963) , but was unable in the majority of cases to correlate the ECGs with all the clinical features or to followup further developments by personal observation-of the patients. The system also accounts for the fact that in some cases the number of ECGs is inadequate as further tracings, which would have been desirable, were not requested.
Results
From Table 1 it will be seen that digitalis over-dosage was suspected on ECG grounds in 42 of the 348 patients, an incidence of 12%. In 2 cases the part played by digitalis was considered doubtful; if these are disregarded (Nos. 37 and 42), the incidence would be 1 1.5 /0.
There were 19 males and 23 females. The age distribution is shown in Fig. 1 , from which it is seen that the majority of patients were elderly: 33 (78%0) were over 61 (16 males (84%) and 17 females (74%/O)), and 22 (52%) were over 71 (12 males (63%) and 8 females (34%)).
A diagnosis of suspected digitalis intoxication was based on the following arrhythmias: berg and Donoso, 1960; Lown, Wyatt and Levine, 1960; Schwiegk and Jahrmnirker, 1960; Schoen and Schroder, 1962) . While the incidence of particular arrhythmias as given in various publications differs, an ever increasing number of them has been established as frequently due to, or precipitated by, the drug. Regarding the recent past, this holds good particularly for atrial (Lown and Levine, 1954, 1958; Lown and others, 1960; Oram, Resnekov and Davies, 1960; Harris, Julian and Oliver, 1960; Burton, 1962; Hunziker, Schaub and Holzmann, 1964) and A-V (Pick and Dominguez, 1957) tachycardias, and A-V dissociation (Friedberg and others, 1960; Schott, 1960; Soffer, 1961: Jacobs, Donoso and Friedberg, 1961 (Nos. 1, 2. 5, 9, 16, 18. 26, 27, 28, 31, 33, 38, 42 
Discussion
The inicidenice of about 12 found in this series, while disturbingly high, compares favourably with that reported by others as Levine, 1954; Levine, 1955 Dreifus's statement: "The most significant predisposing factor in the development of digitalis toxicity was inappropriate administration" is unquestionably applicable to the present observations, the following points deserving special consideration as having been largely responsible: Age Despite some contrary statements in the literature that the patient's age is of little or no importance (Moody, 1951; Schwiegk and Jahrmarker, 1960; Rodensky and others, 1961) , there is no doubt of the overwhelming evidence that old people are more susceptible to the drug than younger ones (Raisbeck, 1952; DeGraff, 1954; Kay, 1955; Wollheim, 1954/55; Crouch, Herrmann and Hejtmancik, 1956; Shrager, 1957; Scherf, 1958; Von Capeller and others, 1959; Lown and others, 1960; Soffer, 1961; Goldberger, 1962; Holzmann, 1962; Dreifus and others, 1963) . Moreover, the more advanced the myocardial changes the narrower the boundary between therapeutic and toxic doses, whereby the considerable variations in the optimum dose between different patients, and in the same patient at different times, increase the difficulties in the management of these cases, necessitating greater individualization of treatment and far closer supervision than is often accorded to them (see below).
A perusal of the dosages and their effect on the ECG. as listed in Table 1 , leaves no doubt about their having been excessive in an appreciable proportion of the cases. Furthermore, it should be borne in mind that doses considered as 'average' tend to be too high for patients in these age groups.
Exhibition of Digitalis without Indication
Some patients are given digitalis without indication, common causes being a diagnosis of 'heart failure' on inadequate grounds, in particular on the strength of some basal rales only, or by mistaking dyspnoea due to pulmonary disease as being cardiac in origin (Levine, 1955) . Such considerations seem to apply particularly to Cases 7, 12, 19, 26, 36 and possibly 42 of the present series. Other conditions, cardiac and non-cardiac, where patients were given digitalis without indication, were discussed by Broome and Orgain (1946) and Burwell and Hendrix (1950) dition electrocardiographically before starting digitalization is enhanced by the fact that potentially dangerous arrhythmias due to, or aggravated by, the drug are often present without any of the usual symptoms, such as anorexia, nausea, vomiting or visual disturbances (Herrmann, Decherd and McKinley, 1944; Flaxman, 1948; Master, 1948 Master, , 1950 Gootnik, 1949; Moody, 1951; Cohen, 1952; Crouch and others, 1956; Shrager, 1957; Von Capeller and others, 1959; Schwiegk and others, 1960; Soffer, 1961; Goldberger, 1962; Holzmann, 1962) . This is borne out by the present observations which show that overdigitalization was clinically suspected in only a small minority of the patients.
Mistaken Methods for Determining Digitalis Dosage Clinically by the Ventricular Rate; Misinterpretation of Cardiac Rhythms The mistaken belief that an optimum dose of digitalis must reduce the ventricular rate in every case seems still prevalent. As far as patients with sinus rhythm are concerned this is a misapplication of the condition prevailing in those with atrial fibrillation and a high ventricular rate. In patients with sinus rhythm the drug either does not reduce the rate at all or only slightly, any effect on rate being clinically irrelevant. Overdosage in such patients may result in ectopic ventricular (Fig. 2a) or less commonly atrial (Fig. 2b) arrhythmias, which may be misdiagnosed as atrial fibrillation; or it may produce paroxysmal atrial tachycardia with A-V block (Fig.  3c ), likely to be mistaken for sinus tachycardia if the block is constant (it often is 2: 1), or atrial fibrillation if the block is variable. As a result more digitalis is often given. While many physicians are familiar with these arrhythmias as manifestations of digitalis toxicity, it does not seem to be so commonly appreciated that changes in P waves may be the first sign of impending digitalis overdosage, heralding paroxysmal atrial tachycardia with 'block if medication is continued (Fig. 3c) .
In atrial fibrillation a similar mistake is also often made. The aim of digitalization in such cases with a high ventricular rate is, of course, to reduce this rate by increasing A-V block. If the ventricular rate does not drop satisfactorily or even increases in the course of the exhibition of the drug, dosage is increased without considering the possibility that the rapid ventricular action may be due to ventricular ectopic beats due to digitalis intoxication (Fig. 4) . A further source of error occurs in patients with atrial fibrillation and irregular ventricular action in whom the ventricular rhythm becomes regular during digitalization as a result of complete A-V block with regular A-V rhythm (Fig. 5b) paroxysmal A-V tachycardia (Fig. 5a ), the regular rhythm being clinically misinterpreted as sinus rhythm or sinus tachycardia. Thus, the a:bnormal rhythm due to digitalis intoxication is not recognised and digitalis medication continued on the erroneous assumption that restoration of sinus rhythm had taken place. Not infrequently, one arrhythmia changes into another, sometimes in the same ECG. Fig. 5 provides an example of atrial fibrillation and regular A-V rhythm with and without extrasystoles, Fig. 6 tion was drawn by Batterman and Gutner, (1950) ; Lown and Levine, (1954); Shrager, (1957) of potassium chloride, procaine amide or quinidine is required for the successful treatment of these arrhythmias. How long digitalis should be discontinued varies considerably in different patients and can only be determined by their close supervision.
Another mistake is to continue treatment with the same dose for longer periods without adequate clinical and particularly electrocardiographic controls. This holds good for hospital out-patients as well as those under the care of general practitioners. Substituting one glycoside for another which had produced digitalis intoxication in the belief that the replacement is less 'toxic', a method adopted by some physicians, has no foundation in fact. It has often been pointed out that every efficacious glycoside, when given in excess of the optimum dose for an individual patient, produces toxicity the signs of which vary and often do so in the same patient at different times. This view has recently been proved to be correct by a study of Church, Schamroth, Schwartz and Marriott, (1962) , who deliberately induced digitalis intoxication in 39 patients by three different glycosides: digoxin, gitalin, and digitoxin, and concluded: "When a patient was intoxicated for the second or later time, he was as likely to show different manifestations as he was to show the same; and this was independent of whether the same or different glycosides were used for the consecutive intoxications." Conclusions The main conclusion is to re-emphasize the necessity of regarding the dosage of digitalis as an individual problem in every case. Doses given in the literature as average ones for initial and maintenance therapy can at best ,be no more than very approximate guides. It is the writer's firm belief that there is no such thing as generally applicable average doses and in particular that those recommended as such tend to be too high for elderly patients. If every patient's requirements and tolerance of the drug are individually assessed and patients kept under adequate periodical control, smaller doses of digitalis than often prescribed will be found sufficient to achieve the desired effect without producing intoxication. Thus, Szekely and Wynne (1961) wrote: "A number of patients with advanced myocardial disease and atrial fibrillation who developed ventricular rhythms after conventional maintenance doses, have subsequently been maintained in a good state of compensation with satisfactory control of the heart rate on very small doses of digitalis which did not produce toxic arrhythmias." These authors' efforts were so successful that, in a subsequent experimental and clinical study on digitalis-induced arrhythmias, they were only able to muster four patients for their purpose (Szekely and Wynne, 1963) .
A Plea
These conclusions lead to a plea, directed to those engaged in the teaching of under-and postgraduates, to emphasize far more strongly than, judging by the results, it has been done in the past, the necessity of individualizing the dosage of digitalis in every patient, especially in elderly people, and of keeping patients under adequate periodical clinical and electrocardiographic control as long as they take the drug.
The present observations, particularly when taken in conjunction with the quoted publications of others, leave no doubt that in practice these considerations are not given anything like the attention they deserve.
Summary
Analysis of 2,000 consecutive ECGs recorded in a hospital group revealed 597 tracings referring to 348 patients who had had digitalis within a fortnight preceding at least one ECG. 78% of the patients were over 61 and 52% over 71 years of age. Records highly suggestive of overdigitalization were found in 42 patients, an incidence of 12%. Thirteen patients (31%) died within a short period after the last ECG, at a time when the drug must still have been active. In nine (21%) death was considered to have been directly due to, or at least accelerated by, digitalis. The following points are discussed as having been largely responsible: Disregard of the smaller tolerance and requirements of elderly patients; exhibition of digitalis without indication; premature start of digitalization in hospital; mistaken methods for determining digitalis dosage clinically; unawareness of digitalis toxicity manifesting itself as refractory heart failure or increase in its severity; inadequate action by the physician in the presence of signs of intoxication. As a conclusion it is re-emphasized that the optimum dose of digitalis must be determined individually in every patient, close supervision being necessary throughout the time the drug is taken. A plea is made to those engaged in the teaching of under-and postgraduates to stress these considerations far more strongly than it appears to have been done in the past.
